Cylindrically symmetric inhomogeneous string cosmological models are investigated in presence of string fluid as a source of matter. To get the three types of exact solutions of Einstein's field equations we assume A = f (x)k(t), B = g(x)ℓ(t) and C = h(x)ℓ(t). Some physical and geometric aspects of the models are discussed.
because of the mathematical simplicity of the field equations whenever there exists a direction in which the pressure equal to energy density.
Recently Baysal et al. (2001) , Kilinc and Yavuz (1996) , Pradhan (2007) and Pradhan et al. (2007a,b) have investigated some string cosmological models in cylindrically symmetric inhomogeneous universe. In this paper, we have revisited their solutions and obtained a new class of solutions. Here, we extend our understanding of inhomogeneous string cosmologies by investigating the simple models of non-linear cylindrically symmetric inhomogeneities outlined above. This paper is organized as follows: The metric and field equations are presented in Section 2. In Section 3, we deal with the solution of the field equations in three different cases. Finally, the results are discussed in Section 4. The solutions obtained in this paper are new and different from the other author's solutions.
The Metric and Field Equations
We consider the metric in the form
where A, B and C are functions of x and t. The Einstein's field equations for a cloud of strings read as (Letelier, 1983 )
where u i and x i satisfy conditions
and
Here, ρ is the rest energy of the cloud of strings with massive particles attached to them. ρ = ρ p + λ, ρ p being the rest energy density of particles attached to the strings and λ the density of tension that characterizes the strings. The unit space-like vector x i represents the string direction in the cloud, i.e. the direction of anisotropy and the unit time-like vector u i describes the four-velocity vector of the matter satisfying the following conditions
In the present scenario, the comoving coordinates are taken as
and choose x i parallel to x-axis so that
The Einstein's field equations (2) for the line-element (1) lead to the following system of equations:
where the sub indices 1 and 4 in A, B, C and elsewhere denote differentiation with respect to x and t, respectively. The velocity field u i is irrotational. The scalar expansion θ, shear scalar σ 2 , acceleration vectoru i and proper volume V 3 are respectively found to have the following expressions:
where g is the determinant of the metric (1). Using the field equations and the relations (13) and (14) one obtains the Raychaudhuri's equation asθ
where dot denotes differentiation with respect to t and
With the help of equations (1) - (7), the Bianchi identity T ij ;j reduced to two equations:
Thus due to all the three (strong, weak and dominant) energy conditions, one finds ρ ≥ 0 and ρ p ≥ 0, together with the fact that the sign of λ is unrestricted, it may take values positive, negative or zero as well.
Solutions of the Field Equations
From Eqs. (9) and (10), we obtain
and 2
To get determinate solution we assume
Using (23) in (21), we get
Equations (22), (23) and (25), we have
Using (24) in right hand side of Eq. (26) leads to
which with the use of (25) leads to
Equation (28) leads to
when s = 0 c 1 cos( | s |x + x 0 ) when s < 0 (29) where c 1 , c 2 and x 0 are constants of integration. Using Eq. (23) in (12), we have
Equation (30) leads to
which after integration gives
where n is constant of integration. Using (32) in 26), we have
where
where r = N b
(1+b) and c 3 , c 4 , t 0 are constants of integration. Hence from (32) we obtain
Now we consider the following three cases:
3.1 When s > 0 and r > 0
In this case we have
where α = . After using suitable transformation of the co-ordinates
the metric (1) reduces to the form
In this case the physical parameters, i.e. the string tension density (λ), the energy density (ρ), the particle density (ρ p ) and the kinematical parameters, i.e. the scalar of expansion (θ), shear tensor (σ), the acceleration vector (u i ) and the proper volume (V 3 ) for the model (40) are given by
From (44) and (45), we obtain σ
The energy conditions ρ ≥ 0 and ρ p ≥ 0 are satisfied for the model (40) . The conditions ρ ≥ 0 and ρ p ≥ 0 lead to
respectively. From Eq. (41), we observe that the string tension density λ ≥ 0 leads to
The model (40) are shearing, accelerating and non-rotating. For b < −1, when T → 0, θ → 0 and when T → ∞, θ → ∞. Hence for b < −1, the model is expanding. Since σ θ = constant, therefore the model does not approach isotropy. But we observe that for b = 1, shear scalar is zero and hence the model isotropizes for this value of b. We also observe that when T → ∞, the proper volume V 3 → ∞ and ρ → 0. Hence volume increases when T increases and the energy density is a decreasing function of T .
When s = 0 and r = 0
In this case we obtain A = (c 3 t + c 4 )
By using suitable transformation, the metric (1) reduces to the form
c1 . α and β are already defined in previous section. In this case the physical parameters, i.e. the string tension density (λ), the energy density (ρ), the particle density (ρ p ) and the kinematical parameters, i.e. the scalar of expansion (θ), shear tensor (σ), the acceleration vector (u i ) and the proper volume (V 3 ) for the model (40) are given by
The energy conditions ρ ≥ 0 and ρ p ≥ 0 are satisfied for the model (54). The conditions ρ ≥ 0 and ρ p ≥ 0 lead to
respectively. From Eq. (55), we observe that the string tension density λ ≥ 0 leads to
The model (54) has singularity at T = 0. The model starts with a big bang singularity at T = 0 and continue to expand till T = ∞. Since σ θ = constant, therefore the model does not approach isotropy. But we observe that for b = 1, shear scalar is zero and hence the model isotropizes for this value of b. We also observe that when T → ∞, the proper volume V 3 → ∞ and ρ → 0. Hence volume increases when T increases and the energy density is a decreasing function of T . Generally the model (54) represents an expanding, shearing, accelerating and non-rotating universe.
3.3 When s < 0 and r < 0
In this case we obtain A = αe mx cos
From Eqs. (72) and (73), we obtain σ 
Concluding Remarks
In this paper we have obtained a new class of exact solutions of Einstein's field equations in cylindrically symmetric inhomogeneous space-time with string fluid. The models (40) and (54), in general, are expanding, shearing and nonrotating. The model (68) is oscillating, shearing and non-rotating. All these three models do not isotropize. The model (54) is singular whereas the model (40) is non-singular. It is important to note here that the models (40), (54) and (68) reduce to homogeneous universe when m = 0 and s = 0. This shows that for m = 0 and s = 0, inhomogeneity dies out. In this case all these models are non-accelerating.
